Summary. It is well recognised that the newborn of diabetic mothers may be overweight and obese, presumably due to excessive glucose and insulin levels in the fetus. Since recent evidence indicates that the number of fat cells is established early in life, we studied the effect of intrauterine hyperglycaemia and hyperinsulinaemia on adipose tissue cellularity. Six men (age range 21--26 years) and six women (age range 18--24 years) were investigated. Their weights at birth generally exceeded the average value by 2 S.D. As a group they were not obese at the time of the investigation and neither total number of fat cells, average cell size nor body fat differed significantly from controls of the same age. There was no correlation between the number of fat cells and the weight at birth. The adipose tissue cellularity in the offspring of alloxan-diabetic rats (AX) and in controls (C) of equal weight was also studied. When sacrificed (after 40 days) body weights and the weights of the epididymal and retroperitoneal fat pads were similar in the AX snd C groups. However, the number of fat cells of the retroperitoneal fat pad was significantly increased in the AX group, while the cell size was slightly diminished. Cell data of the epididymal fat pads were not significantly different. The results indicate that excessive glucose and insulin levels in utero may influence the number of fat cells, but, in man, they do not seem to lead to a permanent hyperplasia of the adipose tissue.
The expanded adipose tissue in obesity may be due either to an increased number of fat cells or to an enlargement of the adipocytes. The factors that control the proliferation and enlargement of the adipocytes are incompletely known. It is important, however, to elucidate these factors since the number of fat cells is of importance for the amount of body fat in adults [1, 2] . l~ecent evidence indicates that the number of fat cells is established early in life in man [3] as well as in the rat [4] . It has been shown that dietary manipulations within the first few weeks of life may influence the number of fat cells in adults, while a similar experience at a later date only affects the cell size [1] . It seems, however, that it may be possible to influence the number of fat cells in adult animals by fat-feeding [5] or cold-adaptation [6] .
Since excessive insulin levels often accompany obesity [7] this hormone may be one factor which stimulates the proliferation of the adipocytes, as also suggested by Kazdova and Vrana [8] . Available data show, however, that administration of insulin to the adult rat [9] , or at birth [10] , mainly affects the size rather than the number of fat cells. However, for reasons discussed above, it may well be that hyperinsulmaemia produced at an earlier date (in utero) does influence the cellularity of the adipose tissue. This concept is supported by the well established fact that offspring of alloxan diabetic rats [11, 12] , as well as the children of diabetic mothers [13] , are overweight and obese. In the present study the adipose tissue cellularity of these two conditions was investigated.
Material and Methods

Children of Diabetic Mothers
Six men (age range 21--26 years) and six women (age range 18--24 years) were studied. Their mothers suffered from an inadequately treated insulin-dependent diabetes during the pregnancy. No preselection of the subjects was performed. Some clinical data at the time of the study are shown in Table 1 . The birth weights exceeded the average value [14] by one SD in two cases (HE and SE) and in the rest of the group by two SD. Fasting venous blood samples were drawn for the determination of insulin [15] , glucose [16] , cholesterol [17] , and triglycerides [18] . Weight and height were recorded. Body cell mass was calculated from body potassium, as described by Moore et al. [19] . Body potassium was determined with a whole body counter detecting naturally occurring a~ [20] . Total body water was measured by administration oftritiated water [21] ; body fat was then calculated as described by Berg and Isaksson [22] . Mean adipose cell size was determined, as previously described [23] , on percutaneous needle biopsies [24] obtained from the subcutaneous adipose tissue of four regions: 1. epigastric region; in the angle between the costal ares 3 cm below the sternum, 2. hypogastric region; at a point one third of a line between the superior iliac spine and the umbilicus, 3. gluteal region; the upper lateral quadrant of the gluteal region, and 4. femoral region; at a point on the ventral side of the thigh one third of a line from the patella to the superior iliac spine. The average fat l ). BjSrntorp et al. : Insulin and Adipose Tissue Cellularity cell weight of these four regions was calculated and the body fat divided by this value to obtain an estimate of the total number of fat cells.
The results obtained were compared with controls, 22 men (age range 22--26 years) and 21 women (age range 20--27 years), who had been investigated in the same way. The clinical data relating to most of the controls has been described in detail previously [25, 26] . In the female control group, unpublished data from eleven young (age range 20--27 years) healthy women were included. Although not randomly selected the controls were chosen in such a way that the weight index was within • 20% of an established standard valid for Scandinavian men and women [27] .
Alloxan Diabetic Rats (Ax)
Alloxan diabetes was produced in 25 pregnant rats of the Sprague-Dawley strain, weighing 260--280 g, by subcutaneous injection of alloxan monohydrate Weight was measured periodically until 40 days after birth all young rats were killed by decapitation. Blood samples were collected for glucose determination [16] from the carotid vessels. Twenty rats from diabetic mothers (AX group) and 20 controls (C group) were used as weight matched pairs for further study.
The right epididymal fat pad was carefully cut off at the edge of the epididymis. Perirenal adipose tissue was removed from the right side between the inguinal region, the mid-line and the diaphragm. Wet weight was determined on a torsion balance, and then pieces of adipose tissue were collected for the determination of the triglyceride content [18] and for cell counting from standardized locations on the base of the epididymal fat pad, distal to the vessels and on the central part of the perirenal fat pad. Fat cell size was determined as described above [23] . Fat cell number was calculated from the average fat cell weight and the triglyceride content of the tissue. (27) (Fluka, West Germany) on the eleventh or twelfth day of pregnancy. Alloxan was dissolved in physiological saline and given in a dose of 0.110 mg per g body weight, as a freshly prepared 5% solution.
Diabetes was considered present when there was constant glucosuria, tested with a commercial teststrip. Gross hyperglycaemia was also found when the mothers were sacrificed. Fifteen pregnant, non-injected rats of the same strain and weight served as controls.
All animals in each group were housed in a single cage, having unlimited access to water and a commercial chow, containing by weight 5% fat, 55% carbohydrate, 23% protein and salts and vitamins (EWOS, SSdertiilje, Sweden). Immediately after delivery the litters were removed from the mothers. The two heaviest male new-born (weight exceeding 5.3 g) in each litter were then selected and placed with a control mother, who thus had a litter of four.
Results
Children of Diabetic Mothers (CDM)
As a group the children of diabetic mothers (CDM) were not obese at the time of the investigation. Only in one case (BO) did the weight index exceed 1.2 ( Table 1 ). All metabolic parameters studied, including fasting glucose and insulin levels, were within the normal range. The data on adipose tissue cellularity are shown in Table 2 . Neither body fat, average cell size nor total number of fat cells differed significantly from the controls. Regression analysis showed that there was no significant correlation between the weight at birth and the number of fat cells.
Alloxan Diabetic Rats (AX)
There was no significant difference between the duration of pregnancy in the C group and AX group (24.2 ~= 0.2 and 24.7=L 0.3, means • SEM, respective-ly). Due to the preselection, the body weights of the AX and C groups were similar at birth, as was the weight increase during the following 40 days (Fig. 1) . When sacrificed the average body weights were 167 =J= 5 g and 173=J= 4 g (=J= SEM), respectively. Blood glucose at the 40 th day was not significantly different between the AX and C groups (l13=h 9 and 110 ~= 5, means =}= SEM, respectively). Table 3 shows the fat cell data for
Discussion
Excessive insulin levels and obesity are often associated [7] . Furthermore, offspring of alloxan diabetic rats [11, 12] and children of diabetic mothers [13] are frequently overweight and obese. The increased adiposity in these two conditions is presumably due to excessive fetal insulin and glucose levels, induced by the Statistical analyses of the differences in means between the C and CDM did not reach significant levels for any variable neither in the males nor in the females (p 0.i). the retroperitoneal and epididymal fat pads. There were no significant differences in the adipose tissue data from the epididymal fat pads between the AX and C groups, although the average number of fat cells was slightly increased in the alloxan group (p < 0.10). The retroperitoneal fat pads did not differ in weight, while the number of fat cells of the AX group was significantly increased and fat cell size slightly reduced.
maternal hyperglycaemia [28] . It has previously been shown that administration of insulin to the adult rat [9] or after birth [10] mainly increases the cell size rather than the number of fat cells. However, available data suggest that the earlier the change in the nutritional level the more pronounced the effect [1, 3] . Thus, the data reported by Brook [3] indicate that malnutrition in utero may lead to a permanent decrease in the number of fat cells; in a recent study we were unable to find this in subjects whose malnutrition started immediately after birth [29] . In the present study the total number of fat cells was estimated by dividing body fat with the average, mean fat cell size of the four subcutaneous sites studied. Justification for only using subcutaneous fat cell size for the calculations is drawn from Goldrick and McLoughlin [30] , who found a highly significant correlation between the size of subcutaneous and omental cells. Also, SjSstrSm [31] has shown that the femoral, abdominal and gluteal subcutaneous fat cell sizes are correlated. Accordingly, it seems that a fair estimate of the average mean fat cell size and, thus, fat cell number may be obtained by the technique used.
The present study comprises twelve children of diabetic mothers, who presumably had excessive fetal glucose and insulin levels, since in most cases their weights at birth exceeded the average value [14] by two SD. However, at the time of the study, they had neither increased amounts of body fat nor an increased number or size of the fat ceils. Furthermore, regression analysis revealed that there was no correlation between the weight at birth and the adult number of fat cells. It may thus be that excessive fetal glucose and insulin levels do not influence the cellularity of the adipose tissue or that the differences at birth had disappeared during the postnatal development of the adipose tissue. The first possibility seems rather unlikely in view of Knittle and Hirsch's [1] finding that early dietary manipulations may influence the number of fat ceils.
Since it was, for practical reasons, not possible to investigate the children of diabetic mothers at an early age, studies were carried out with the offspring of alloxan diabetic rats. 0nly the offspring with a body weight exceeding 5.30 g were used, since ifhas previously been shown [11] that, at this weight, the newborn are characterized by increased body fat, compared with control rats of equal weight. The weight increase and the body weights of the AX and C groups were similar throughout the study. It had, of course, been advantageous to determine the cellularity immediately after birth, but this was found, in preliminary experiments, to be impossible, since the fat cells were too small to allow accurate determinations.
When sacrificed (after 40 days), the weights of the epididymal and retroperitoneal fat pads were similar in the AX and C groups. However, the cellularity of the retroperitoneal fat pad was significantly increased in the AX group, while the cell size was slightly decreased. Similar, but less pronounced, differences were obtained in the epididymal fat pads. Thus, it seems that excessive glucose and insulin levels produced at an early date may increase the number of fat cells in the rat. It seems reasonable to assume that a similar effect of intrauterine "over-feeding" is exerted in man. However, the ability of excessive glucose and insulin levels to induce a hypercellularity seems rather limited.
